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Rat colitis induced by intrathecal injection of substance P
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Abstract: The aim of this study was to, from the point of neurogenic inflammation, explore the pathogenesis of colitis and to provide
direct evidence for the neurogenic colitis hypothesis. Male Sprague-Dawley rats (180-220 g) anesthetized with chloral hydrate were
intrathecally (ith) implanted with polyethylene-10 (PE-10) catheter to reach the spinal cord Ty,-Ls level. Substance P (SP) was ith
injected once a day for 14 d. The disease active index (DAI) score was calculated by rat body weight and stool. The macroscopic and
HE staining-microscopic pathologies of colon/spinal tissue were evaluated. By immunofluorescence staining, the protein expression of
a pro-inflammatory cytokine, migration inhibitory factor (MIF), in colon tissue was detected and was semi-quantitatively analyzed.
The results showed that in the colon tissue, inflammation was dose-dependently aggravated by ith SP 10 pg and 20 ug, whereas in the
spinal tissue, only slight edema and congestion were seen in SP 20 pg group. The MIF protein of colon tissue was increased in ith SP
10 pg and 20 pg groups (P<0.05, P<0.01 as compared to normal saline group respectively), but in the spinal tissue, there was no
obvious MIF protein expression either in SP groups or in normal saline group. Pretreatment with neurokinin-1 (NK;) receptor
antagonist ([D-Pro2, D-Trp7, 9] -SP, 22.4 ng, ith, 10 min before ith SP) prolonged the latency of DAI rising and reduced the DAI
amplitude, as well as prevented the high MIF expression induced by ith SP. These results suggest that rat colitis can be induced by
direct SP stimulation in lumbar spine via activating central NK; receptor; and that colonic MIF is possibly one of the inflammatory
factors involved in this pathogenesis. These data provide a reasonable support to the hypothesis of colitis being a neurogenic
inflammation. In addition, a potential clinical significance for the finding that higher concentration of spinal SP can induce colitis via
NK; receptor is discussed.
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Ten years ago, Barbara et al. advanced a challenging hy-
pothesis that human colitis may be one of the neurogenic
inflammations in the gut™. This hypothesis opened up a
new way for exploring the pathogenesis of colitis. The
original definition for neurogenic inflammation is that by
stimulation of peripheral nerves, the release of pro-
inflammatory neuropeptides promotes plasma leakage from
the postcapillary venules. The local tissues display increased
blood flow and neutrophil infiltration, an inflammatory
process. This process usually occurs in skin, airways, and
pelvic cavity?3, Substance P (SP) and neurokinin-1 (NK,)
receptor were reported to be involved in this process.
Since Barbara put forward his suggestion on neurogenic
colitis, several laboratories have, from different points of
view, provided mechanism connections between colitis and
neurogenic inflammation, one of which was the blockade
of the NK, receptor®. But so far, the cause-effect rela-
tionship between colitis and neurogenic inflammation is
still short of direct evidence. Recently we reported that by
intrathecal (ith) injection of a hapten to rat lumbar spinal
cord, an inflammation in the colon was seen®’l, thus
providing an operative animal model for exploring the pos-
sibility of spinal nervous system affecting the colon via
stimulation of the spinal cord. To our knowledge, SP is an
important pro-inflammatory peptide as well as a neurotrans-
mitter in spinal and enteric nervous system. In addition, it
is reported that NK, receptor was up-regulated in patients
with colitis® and that colitis could be protected by NK;
receptor antagonist in human and animal, suggesting a role
for SP in the development of intestinal inflammation®. In
Barbara’s hypothesis, SP was particularly emphasized to
involve in the root ganglia antidromic stimulation-induced
colitis relapse™. However his hypothesis has not been
testified. In the present study, we would like to, with the
animal model mentioned above!® 7, explore whether rat
colitis would happen when enteric transmission was acti-
vated by stimulating its spinal center with SP, and what
the initial mechanisms for the ith SP-induced colitis would
be.

1 MATERIALS AND METHODS

1.1 Animal and drugs

Male Sprague-Dawley rats (180-220 g, Grade Il ) were
obtained from the Department of Experimental Animals,
Peking University Health Science Center. Rats were fed
with a standard diet and allowed free access to water. All
experiments were performed according to the Guide for
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the Care and Use of Laboratory Animals (Institute of Labo-
ratory Animal Resources Commission on Life Sciences,
National Research Council, National Academy Press,
Washington, D.C. 1996). SP and NK, receptor antagonist
([D-Pro2, D-Trp7, 9] —SP) were bought from Sigma.
Rabbit anti-rat migration inhibitory factor (MIF) multiclone
antibody was bought from Santa Cruz. Mouse anti-human
(and rat) microtubule associated protein 2a, b, ¢ (MAP2a,
b, ¢) monoclone antibody was bought from ZYMED.
TRITC (tetraethyl rhodamine isothiocyanate)-labeled goat
anti-rabbit IgG and FITC (fluorescein isothiocyanate) la-
beled goat anti-mouse 1gG were bought from ZACKSON
(USA). Polyethylene-10 (PE-10) catheter was bought from
PORTEX Limited.

1.2 Drug administration and ith instillation

As described by original literature®™ with our modifica-
tionst®, a PE-10 catheter was inserted into the spinal sub-
arachnoid space to reach T,,-L;level after the rats were
anesthetized with intraperitoneal (i.p.) injection of chloral
hydrate (0.3 g/ kg). Ten thousand unit penicillin was i.p.
injected to prevent infection. All the drug administration
began three days later. SP was dissolved with normal sa-
line (NS) to the concentration of 1 mg/mL. In ith SP
experiment, 32 rats were randomly divided into 4 groups.
From the first day of experiment SP was respectively ith
injected at 5 ug, 10 ug and 20 pg once a day for 14 days.
The control group was ith injected with NS 10 uL. NK;
receptor antagonist was dissolved with minimum volume
NS and then filled up with PBS to final concentration of
15.0 mmol/L. In NK, receptor antagonist pretreatment
experiment, 24 rats were randomly divided into 3 groups.
NK; receptor antagonist 11.2 pg or 22.4 ug was ith in-
jected respectively once a day 10 min prior to each SP 20
ug ith injection. The control group was ith injected with
PBS 10 pL. On the 15th day of experiment, all the rats
were killed by decapitation.

1.3 Disease activity index (DAI) score and pathologi-
cal evaluation

After ith injection of SP the rat body weight and stool were
daily observed by which the DAI was scored as described
elsewhere in detail®Y. Briefly, the body mass and stool were
scored as follows: Body mass: score 0 — normal; score 1
—1%-5% lower than normal; score 2 — 6%-10% lower
than normal; score 3 — 11%-15% lower than normal; and
score 4 — above 15% lower than normal. Stool viscosity:
score 0 — normal; score 2 —fluffy; and score 4 —diarrhea.
Stool hemorrhage: score 0 — normal; and score 2 —apparent
hemorrhage. Soon after the rat was killed the tissues
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(dissected out from the inflammatory colon and around
the tip of PE-10 catheter) were first macropathologically
observed and then placed in 10% formaldehyde overnight.
Paraffin-embedded section (5-um thick) for haematoxylin
and eosin (HE) staining were followed by microscopic ob-
servation and evaluation.

1.4 Immunohistochemistry of MIF

By using a modification™ of the method originally described
in ratt'?, the paraffin-embedded colon and spinal samples
were treated with deparaffinage, hydration, antigen repa-
ration and blocking the non-specific binding. For double
immunofluorescence staining, anti-MIF multiclone antibody
and anti-MAP2 a,b,c monoclone antibody (1:300) were
added simultaneously to the sample. Twelve hours after
incubation at 4 °C, TRITC-labeled and FITC-labeled sec-
ondary antibody (1:300) were added simultaneously to the
sample. For single immunofluorescence staining, only anti-
MIF multiclone antibody (1:300) was added to the sample
followed by 12 h incubation at 4 °C, and then TRITC-
labeled secondary antibody (1:300) was added to the
sample. All the samples were incubated at room tempera-
ture for 60 min (away from light). Photographs were ob-
tained using a fluorescence microscope (Nikon-Eclpse
TE2000-1, Japan). MIF protein fluorescence intensity was
observed and was semi-quantitively analyzed by LEICA
Qwin software.

DY
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1.5 Statistical methods

For all statistical procedures, PRISM 4.0 software was
used. Quantity data were expressed as mean=SD. One-
way ANOVA and t-test were used to evaluate significant
differences between the groups. Generally, P<0.05 was
considered statistically significant.

2 RESULTS

2.1 Pathological changes in rat colon and spinal
cord by ith SP

Macropathologically, in the ith SP 10 pg and 20 g groups,
the distension of enteric cavity and the adhesions of mu-
cous membrane were seen. In the spinal cord no macro-
pathological change was seen.

Under microscope, in the SP 10 pg and 20 g groups,
significant lymphocyte infiltrations in colonic mucosa and
submucosa were observed. Atrophies in both mucosa and
gland were also noted. The ith SP 5 pg group had normal
histological structures as in the control group. Pretreat-
ment of NK receptor antagonist (11.2 pg) partly inhibited
the evident atrophy of glands. The inflammation of colonic
tissue was completely inhibited by 22.4 ug of NK, recep-
tor antagonist (Fig. 1). In the spinal tissue, a slight baso-
philic change of neurons was seen in ith SP 20 g group.

Fig. 1. The histological changes of rat colon by ith injection of SP (HE staining). A: Control (NS 10 uL) group, normal histological structure.
B: SP 5 pg group, basically normal histological structure. C: SP 10 pg group, mucosa atrophy and lymphocyte infiltration. D: SP 20 pg group,
lymphocyte infiltration and evident atrophy of glands. E: NK; receptor antagonist (11.2 pg) + ith SP 20 pg group, mucosa edema and much
lymphocyte infiltration. F: NK; receptor antagonist (22.4 pg) + ith SP 20 pg group, normal in histology. Scale bar, 100 um.
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Fig. 2. The histological changes of rat spinal cord by ith injection of SP (HE staining). A: Control (NS 10 pL) group, normal histological
structure. B: SP 20 pg group, tissue congestion. C: Control (NS 10 pL) group, a distinct constitution and regular arrangement in neuron. The
substantia alba had a uniform staining. D: SP 20 pg group, a slight basophilic change was seen in some neurons. Scale bar, 100 pm in A and B,

200 ymin C and D.

..

Fig. 3. Expression of MIF protein in rat colon tissue by ith SP. A: Control (ith PBS + ith NS 10 pL), little red fluorescence spot was seen. B:
ith PBS + ith SP 5 g, little red spot was seen. C: ith PBS+ ith SP 10 pg, an increased red spot was seen. D: ith PBS + ith SP 20 pg, there was
stronger red fluorescence than that in A, especially around the glands. E: ith NK; receptor antagonist + ith SP 20 pg, the red spots were less
than those in D. NK; receptor antagonist (22.4 pug) or PBS (10 pL) was injected 10 min prior to ith SP. Single immunofluorescence staining. Scale

bar, 100 pm.

. .
Fig. 4. Expression of MIF protein in rat spinal cord by ith SP. A: ith NS 10 pL. B: ith SP 5 pg. C: ith SP 10 ug. D: ith SP 20 pg. There were
no obvious differences in MIF expression among the four groups. Single immunofluorescence staining. Scale bar, 100 pm.
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In addition, the axon root was thickening and the substan-
tia alba was puff and edema in ith SP 20 g group. There
was no evident neuron necrosis (Fig. 2).

2.2 MIF protein expression in colon and spinal cord
by ith SP

Colonic MIF protein expression (red fluorescence spot)
was not increased by ith SP 5 g as compared to the con-
trol group (Fig. 3, B vs A). In ith SP 10 pug and 20 ug
groups, the MIF expression was much higher than that in
the control group (Fig. 3, C vs A, D vs A). NK; receptor

antagonist prevented the SP-induced higher MIF expres-
sion (Fig. 3, E vs D). In spinal cord, SP (5 pug, 10 pg and
20 ug) did not induce an obvious expression of MIF pro-
tein (Fig. 4A-D).

Semi-quantitative analysis showed that there were sig-
nificant differences in MIF expression between ith SP (10,
20 pg) groups and control group in colon tissue (Table 1),
but there were no significant differences in MIF expres-
sion between ith SP groups and control group in spinal
cord (Table 2).

Table 1. Changes of MIF protein fluorescence intensity in rat colon tissue by ith SP

Group MIF fluorescence intensity Mean+SD
NS 10 pL 70.17 72.64 82.25 31.77 31.03 57.57+42.05
SP 5 ug 79.11 72.41 81.58 83.34 65.99 90.89 78.89+8.71
SP 10 pg 90.16 95.44 83.11 69.91 125.24 85.37 91.54+21.18"
SP 20 pg 119.14 96.53 122.25 124.14 60.54 154.27 74.58 107.35+46.85™

MIF: migration inhibitory factor; ith: intrathecal; SP: substance P. MIF protein fluorescence intensity was semi-quantitively analyzed by

LEICA Qwin software. "P<0.05, “P<0.01 vs NS group.

Table 2. Changes of MIF protein fluorescence intensity in rat spinal cord by ith SP

Group MIF fluorescence intensity Mean+SD

NS 10 pL 87.06 168.71 64.74 63.95 56.37 65.37 84.37+42.59
SP 5 ug 102.18 112.67 128.23 107.45 85.79 107.26+15.46
SP 10 pg 110.23 88.15 103.87 80.97 83.88 93.42 +12.89
SP 20 pg 101.37 91.75 156.90 110.62 69.04 105.94 +32.42

MIF: migration inhibitory factor; ith: intrathecal; SP: substance P. MIF protein fluorescence intensity was semi-quantitively analyzed by
LEICA Qwin software. There were no statistical differences among the 4 groups.
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Fig. 5. Effect of NK receptor antagonist on rat DAI score by ith SP.
NK; receptor antagonist (22.4 ug) or PBS (10 pL) was ith injected

10 min prior to ith SP (20 pg). Mean£SD, n = 8 in each group. “P<
0.01 vs PBS+SP group.

2.3 NK, receptor antagonist delayed the DAI eleva-
tion and prevented the MIF expression induced by
ith SP

Pretreatment of NK, receptor antagonist (ith) could pro-
long the latency of DA rising and reduce the DAI ampli-
tude induced by ith SP 20 g. On day 15, the difference of
DA score between NK; receptor antagonist pretreatment
group and PBS pretreatment group was statistically sig-
nificant with the P value less than 0.01 (Fig. 5). In addition,
the MIF expression in NK, receptor antagonist pretreat-
ment group was lower than that in PBS pretreatment group
(Fig. 3, Evs D).

3 DISCUSSION

For the first time we have given the verification in this
paper that if rat spinal segment innervating the gut was
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stimulated by exogenous SP in pharmacological doses,
colitis may be induced. From the experimental procedure,
it would be that the injected SP first activated the spinal
neurons and then, via spinal efferent pathway, resulted in
the colitis. This reaction pattern provided a more persua-
sive model for studying the neurogenic mechanism of colitis.

Concerning the interrelations of neuritis and colitis, there
have been published data from different points of view to
support Barbara’s hypothesis, such as blocking the nerve
impulse®, exsecting the innervationsi, depleting the
neurotransmitters™ and competively binding the recep-
tors>1%11 however due to these data either came from the
patients who had been diagnosed as colitis before they were
enrolled in the study™ ! or came from animal models in
which the colons were stimulated beforehand and the
nerves were treated/observed afterwardi**1>118 the cause-
effect relation of colitis-neuritis is still ambiguous. SP was
implicated in the neurogenic colitis by Barbara™, which
mainly came from a clinical observation that spinal cord
stimulation by an electrode positioned on patient skin at the
level of the dorsal aspect of the lower spinal cord pro-
duced successive relapses of colitis™. Barbara supposed
that SP released by the spinal cord stimulation led to the
colitis relapsest®. However, there is no concrete experi-
ment to demonstrate his assumption. In the other papers
(including the finding that colonic SP nerve density/mor-
phology were changed in colitis patients®®; a shift from
mainly cholinergic to more SP positive innervations was
seen in the myenteric neurons of colitis rat?Y; and SP pre-
cursor B-preprotachykinins in rat neurons of myenteric
plexus was transcripted faster in an acute phases of colitis’?,
etc), SP was at most suggested to involve in colitis, but
could not be certificated to act directly as a neurogenic
stimulator for colitis occurring.

So in our present study, we focused on the efferent ac-
tion of enteric nerves by central stimulation with SP. It
would be more directly and concisely to expound Barbara’s
conjecture for SP inducing colitis relapse by the root gan-
glia antidromic stimulation®. We found that after ith ad-
ministration of SP, the spinal tissue displayed neuritis (tissue
congestion, neurons basophilic change), but no visible ne-
crosis was found because the Nissl body was still able to
be identified and the axon still existed (Fig. 2). At the same
time the colon pathological change was much obvious (Fig.
1) and the colonic MIF expression was significantly in-
creased by ith SP (Fig. 3, Table 1), which points out that a
colitis was induced by spinal neuritis. After pretreatment
with NK; receptor antagonist, the DAI score significantly
decreased (Fig. 5) and the colonic MIF expression was
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much less than PBS pretreatment group (Fig. 3), which
points out that the ith SP-induced colitis is mediated by
spinal NK; receptor. It is well established that NK;, NK,
and NK receptors are presented in the spinal cord of rat®,
So it will be interesting to further study and compare the
functions of the three kinds of NK receptors in the ith SP-
induced colitis.

Contrasting to our recent report that DNCB (a hapten)
could induce rat inflammation in spinal/colonic tissues and
higher MIF expression in spinal/enteric neurons!®, ith SP
neither induced obvious MIF expression in enteric/spinal
neurons (immunofluorescence double staining, photo-
graphs were not shown here) nor induced the mucosal
erosion, necrosis and ulcer of colon. SP induced the mu-
cosal atrophy and lymphocyte hyperplasia in colon which
represented a chronic colitis. These disparities suggested
that different mechanisms for different stimulators induced
spinal activation and colitis. Moreover, it would be worth
mentioning that ith SP-induced colitis model in normal rats
(here) may have more potential clinical significance than
ith DNCB-induced colitis model in pre-sensitized rats®",
Based on recent finding that psychological stress which
had been mentioned to induce colitis?? may activate brain
SP transmission because ith or icv NK; receptor antago-
nist could attenuate the anxiety®2®, we hypothesized that
ith SP (here) may, to some extent, mimic a situation of
anxiety activated by NK; receptor in spinal tissue. So we
expect that oral administration of NK, receptor antagonist
that was centrally activel?” will be convenient and reason-
able for not only treating anxiety but also preventing colitis.

There have been reports that the spinal NK; receptors
were abundant in the dorsal horn and appeared mainly of
dendrite nature®!, SP immunoreactive axonal buttons are
preferentially presynaptic to neurons expressing the SP re-
ceptor®, suggesting a short-distance action of SP in the
spinal cord. Undoubtedly, ith SP first activated the spinal
NK; receptor and then induced the colonic inflammation,
but a long-distance transmission to its target (colon) would
need other transmitters and intermedial pathway.

Results from the present study establish that rat colitis
can be induced by direct lumbar stimulation with SP which
could only induce slight spinal inflammation but did not
destroy the neurons. Central NK; receptor mediated the
SP-induced colitis. Colonic MIF was also involved in the
neuritis-induced colitis process. It would deserve to ex-
plore other central mediators in this chronic ith SP model.
Sun et al.®? reported that by acute ith NK; receptor ago-
nist to the rat, an increased expression of nitric oxide syn-
thases (NOS) and increased production of nitric oxide in
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the lumbar spine were found, from which we suppose
that maybe in the earlier days of ith SP, the NOS, even the
MIF, in spinal cord was activated, while in the later days
of ith SP, MIF showed obsolete activity. It would also be
deserved to further explore other peripheral proinflammatory
factors involved in this process except MIF.

* * *
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